The present study evaluated supple mental carbohydrase effect on performance, intestinal nutrient uptake, and transporter mRNA expressions in growing pigs offered a high-fiber diet manufactured with distillers dried grains with solubles (DDGS). Twenty-four pigs (22.4 ± 0.7 kg BW) were randomly assigned to 1of 3 nutritionally adequate diets (8 pigs per diet) based on corn and soybean meal (SBM) with either 0 (control) or 30% DDGS (high fiber [HF]). The third diet was supplemented with a xylanase and β-glucanase blend (XB) in addition to the 30% DDGS (HF+XB). Parameters determined were ADFI, ADG, G:F, plasma glucose and plasma urea nitrogen (PUN) concentrations, jejunal tissue electrophysiological properties, and mRNA expressions of the sodium dependent glucose transport 1 (SGLT1) and cationic AA transporter, b o,+ AT, in the jejunal and ileal tissues. In addition, mRNA expressions of the shortchain fatty acid transporters, monocarboxylate transporter 1 (MCT1) and sodiumcoupled monocarboxylate transporter, and mucin genes were quantified in the ileum. Feed intake, plasma glucose, and jejunal tissue electrophysiological properties were not affected (P > 0.05) by diet. However, controlfed pigs had supe rior growth rate and feed efficiency and higher PUN (P < 0.05) than HF-and HF+XB-fed pigs. The HF diet increased (P < 0.05) SGLT1 mRNA expression in the jejunum and decreased (P < 0.05) b o,+ mRNA expression in the ileum. The XB supplementation also increased b o,+ mRNA expression in the ileum relative to HFfed pigs. Additionally, MCT1 mRNA expression was greater (P < 0.05) in the ileum of the HF-and HF+XB-fed pigs. In the present study, XB supplementation influenced nutrient transporter mRNA expression, although it was not accompanied by improved pig performance.
INTRODUCTION
High-fiber (HF) diets decrease energy and nutri ent utilization in pigs due to the lack of the enzymes necessary to break down dietary fiber (Owusu-Asie du et al., 2006) and are known to increase intesti nal mass Jørgensen et al., 1996; Agyekum et al., 2012) and intestinal cell prolifera tion and to alter intestinal morphology in pigs (Jin et al., 1994; Brunsgaard, 1998) . These changes coupled with the increased endogenous nutrient losses asso Effect of supplementing a fibrous diet with a xylanase and β-glucanase blend on growth performance, intestinal glucose uptake, and transport-associated gene expression in growing pigs 1 ciated with feeding HF diets constitute a significant nutritional and metabolic cost to the pig (Nyachoti et al., 2000) . Furthermore, HF diets decrease active glu cose transport (Schwartz and Levine, 1980; Schwartz et al., 1982) , which may also involve a decrease in the sodiumdependent glucose transporter 1 (SGLT1) activity (Ferraris, 2001; ShiraziBeechey et al., 2011) . Therefore glucose, a major energy source in practical swine diet, absorption decreases when pigs a fed HF diets. Exogenous carbohydrases (EC) are commonly added to swine diets to mitigate the effects associated with feeding HF diets to swine (Adeola and Cowieson, 2011; Kerr and Shurson, 2013) . However, studies in vestigating how EC supplementation might influence intestinal nutrient absorption and transporter activities when feeding HF diets are scarce.
Elucidating the EC effect on intestinal nutrient uptake and transporter activities could enhance the understanding of how EC impact the digestive physi ology of pigs to ensure effective manipulation of pig diets containing HF to promote pig growth. Therefore, the objective of this study was to determine the ef fects of supplementing a HF diet with a xylanase and β-glucanase blend (XB) on pig performance, intesti nal active glucose transport, and mRNA expressions of SGLT1, shortchain fatty acid (SCFA) transport ers monocarboxylate transporter 1 (MCT1) and so diumcoupled monocarboxylate transporter (SMCT), cationic AA (CAA) transporter, b o,+ , and the mucin genes, MUC4 and MUC20, as indicators of endog enous N losses.
MATERIALS AND METHODS

Animals, Housing, and Dietary Treatments
The experimental protocol for this study was re viewed and approved by the Animal Care Committee of the University of Manitoba (Winnipeg, MB, Canada) and animals were cared for according to the standard guidelines of the Canadian Council on Animal Care (2009). Twenty-four crossbred (Yorkshire-Landrace × Duroc) pigs (12 gilts and 12 barrows) with an initial BW of 22.4 ± 0.7 kg were obtained from the Univer sity of Manitoba Glenlea Swine Research Unit, Win nipeg, Canada) for use in the present study. Pigs were individually housed in pens (1.5 by 1.2 m) with plas tic-covered expanded metal sheet flooring equipped with a nipple drinker and a stainless steel feeder in a temperature-controlled room (20 to 22°C). The pens were partitioned with metal walls that allowed visual contact with pigs in adjacent pens. Three experimental diets based on corn and soybean meal (SBM) were used for this study (Table 1 ). The diets were 1) a corn-SBM basal control and 2) a corn-SBM based diet with 30% distillers dried grains with solubles (DDGS) to produce the HF diet. The DDGS, which is a coproduct of ethanol production from cereal grains, was used as the major dietary fiber source. The DDGS was pro duced from the fermentation of equal proportions of corn and wheat and was obtained from a commercial plant (Husky Energy Ethanol Plant, Lloydminster, AB, Canada). The third diet (HF+XB) was HF supple mented with XB (Axtra XB; DuPont Industrial Biosci ences, Marlborough, Wiltshire, UK) at 4,000 and 300 units/kg for the xylanase and β-glucanase, respective ly. The experimental diets were formulated to contain similar calculated ME and standardized ileal digest ible (SID) lysine contents, and all other nutrients were supplied according to the NRC (1998) requirements for growing pigs. The 3 diets were fed ad libitum for 21 d in a completely randomized design resulting in 8 pigs (equal number of each sex) per diet. At the end of the experiment, BW gain and feed consumption were determined. Nonfasting blood samples (10 mL) were collected from each pig via jugular vein puncture into vacutainer tubes coated with lithium heparin (Becton Dickson & Co., Franklin Lakes, NJ), in the morning before they were sacrificed, and used to determine plasma glucose and plasma urea nitrogen (PUN) con centrations. Thereafter, pigs were euthanized to obtain intestinal tissue samples.
Slaughter Procedure and Tissue Collection
Pigs were anesthetized by an intramuscular injec tion of ketamine:xylazine (20:2 mg/kg; Bimeda-MTC Animal Health Inc., Cambridge, ON, Canada) and euth anized by an intravenous injection of sodium pentobar bital (50 mg/kg of BW; Bimeda-MTC Animal Health Inc.). Thereafter, the abdomen and the thorax were cut open by a midline incision. Two 10cm tissue samples from the jejunum (200 cm from the stomach) and a 10 cm tissue sample from the ileum (30 cm from the ileal cecal junction) were obtained after carefully remov ing the mesentery. The 2 whole jejunal tissue samples were used to determine SGLT1 and b o,t mRNA expres sions and electrophysiological properties, respectively, whereas the whole ileal tissue sample was used to quan tify mRNA expressions of SGLT1, b o,t , MCT1, SMCT, MUC4, and MUC 20. Tissue samples for mRNA ex pressions were rinsed with icecold PBS, snapfrozen in liquid nitrogen, and stored at -80°C until required for analysis. The jejunal tissue samples for determina tion of electrophysiological properties were rinsed with icecold Ringer buffer with the following composition: 115 mmol/L NaCl, 25 mmol/L NaHCO 3 , 2.4 mmol/L K 2 HPO 4 , 1.2 mmol/L CaCl 2 , 1.2 mmol/L MgCl 2 , 0.4 mmol/L KH 2 PO 4 , and 10 mmol/L dglucose. After rinsing, intestinal segments were transported to the lab oratory in the icecold Ringer buffer oxygenated with a mixture of 95% O 2 and 5% CO 2 . The tissue samples were opened along the mesenteric border and gently rinsed with the Ringer buffer at 4°C to remove digesta particles. Thereafter, the tissue samples were kept in the icecold Ringer buffer (for approximately 4 min) and continuously gassed with a mixture of 95% O 2 and 5% CO 2 until mounted in Ussing chambers.
Electrophysiological Studies
The Ussing chamber was used to study glucose transport across the jejunal epithelial tissues. The elec trical variables studied were tissue shortcircuit current (Isc; net ion movement across a tissue) and conduc tance (Gt; tissue permeability). Experimental pro cedures were performed according to Woyengo et al. (2012) . The serosal and muscle layers were removed using micro forceps and the epithelial tissues were mounted in modified Ussing chambers (VCC-MC6; Physiologic Instruments Inc., San Diego, CA) contain ing pairs of current (Ag wire) and voltage (Ag/AgCl pellet) electrodes housed in 3% agar bridges and filled with 3 M KCl. The chambers had an exposed surface area of 0.9 cm 2 . The mucosal surface was bathed in 4 mL of the Ringer buffer solution and the serosal sur face was bathed in 4 mL of the Ringer buffer solution enriched with 10 mmol/L of dmannitol instead of d glucose for osmostic reasons. The bathing medium in the chambers was continuously aerated with a mixture of 95% O 2 and 5% CO 2 maintained at 37°C in a wa ter bath. The electrode potential and the solution resis tance were corrected before tissues were mounted in the chamber. The tissues were left to equilibrate for ap proximately 10 min followed by recording the Isc and Gt at 15 and 30 min. To test the involvement of SGTL1 in the mucosal-serosal ion transport, the Ringer on the mucosal side was replaced with a similar Ringer solution that contained phloretin (an SGLT1 inhibitor; Sigma-Aldrich Corp., Oakville, ON, Canada) at 0.5 mmol/L and the Isc and Gt were recorded at 45 and 60 min. The SGTL1dependent Isc and Gt were calcu lated as the difference between the Isc and Gt values recorded at 15 and 30 min and the values recorded at 45 and 60 min.
Ribonucleic Acid Isolation, cDNA Synthesis, and Quantitative Real-Time PCR Total RNA was extracted from 80 mg of tissue sample using 1 mL TRIzol (Invitrogen Canada Inc., Burlington, ON, Canada) according to the manufac ture's protocol. The RNA pellet was resuspended in nucleasefree water, and the total concentration of RNA was determined using Nanodrop 2000 spectrophotom eter (Thermo Scientific, Wilmington, DE). Additionally, purity of RNA was assessed by measuring absorbance at 260 and 280 nm using Nanodrop and the ratio of ab sorbance at 260:280 nm for all the RNA samples was between 1.8 to 2.0.
Firststrand cDNA was synthesized using a high capacity cDNA synthesis kit following the supplier's protocol (Applied Biosystems, Burlington, ON, Cana da). Pairs of primers for each gene were designed and checked for target identity using the National Center for Biotechnology Information (Bethesda, MD). Quantita tive realtime PCR was performed in duplicate reac tions including nuclease free water, the forward and re verse primers of each gene, template cDNA, and SYBR Green as a detector using a CFX Connect RealTime PCR Detection System (Life Science Research, Bio Rad Laboratories, Mississauga, ON, Canada). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the housekeeping gene. Data were generated using the ∆∆Ct method by normalizing the expression of the target gene to the housekeeping gene, and the val ues were reported as fold changes of the expression of the target genes in the treatment groups compared with the control group. Pairs of primers used for quantitative real-time PCR assay and their sequences are presented in Table 2 .
Chemical Analyses and Enzyme Assay
The diet and DDGS samples were finely ground in a sample mill (1093 Cyclotec sample mill; Foss Teca tor, AB, Höganäs, Sweden) to pass through a 1mm sieve and thoroughly mixed before chemical analysis. Samples were analyzed for moisture (AOAC, 1990 ; method 934.01) to estimate DM, CP (AOAC, 1990; method 968.06) using a Leco NS 2000 Nitrogen An alyzer (Leco Corp., St. Joseph, MI), GE using a Parr Isoperibol oxygen bomb calorimeter (Parr Instrument Co., Moline, IL), and total starch (AOAC International, 2006; method 996.11) using a test kit (Megazyme In ternational Ireland, Wicklow, Ireland). Fat content was determined using an Ankom XT10 extractor (serial number XT10110202; Ankom Technology, Macedon, NY) using hexane following to the manufacturer's in structions. Neutral detergent fiber was assayed (using a heat-stable α-amylase) according to the method of Van Soest et al. (1991) using the Ankom 200 Fiber Analyzer (Ankom Technology). Diet samples were further ana lyzed for total nonstarch polysaccharides (NSP) using gas-liquid chromatography (component neutral sugars) and by colorimetry (uronic acids). The procedure for neutral sugars was performed as described by Englyst and Cummings (1988) with some modifications (Slo minski and Campbell, 1990), whereas uronic acids were determined using the procedure described by Scott (1979) . Additionally, diet samples were sent to a com mercial laboratory (Danisco Laboratories, Brabrand, Denmark) for enzyme assay. One β-glucanase unit is the amount of enzyme that releases 2.4 µmol of reduc ing sugar equivalents (as glucose by the dinitrosali cylic acid reducing sugar method) from barley glucan per minute at pH 5.0 and 50°C. One xylanase unit is the amount of enzyme that releases 0.5 µmol of reduc ing sugar equivalents (as xylose by the dinitrosalicylic acid reducing sugar method) from an oat-spelt-xylan substrate per minute at pH 5.3 and 50°C (Bailey et al., 1992) . All analyses were done in duplicate.
Plasma glucose and PUN concentrations were ana lyzed at a commercial laboratory (Veterinary Diagnostic Services, Winnipeg, MB, Canada) using an Ortho Di agnostics Vitros 250 Chemistry System (OrthoClinical Diagnostics Inc., Johnson & Johnson, Rochester, NY)
Statistical Analysis
Data were subjected to ANOVA using the GLM procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC) with dietary treatment as the main effect in the model. Pig was considered the experimental unit and significance and trends were defined as P < 0.05 and 0.05 > P < 0.10, respectively. Normality was assessed using the univariate procedure of SAS and homogene ity of the variance using residual plots. Data are pre sented as least squares means with SEM and the means were compared using the PDIFF option of SAS.
RESULTS
Diet Composition, Performance, and Plasma Metabolites
The starch content in the control diet was 6.4 per centage units greater than the HF diet (Table 3) . How ever, the NDF contents in the 2 HF diets were 2 times greater compared with the control diet, reflecting the high NDF content in the DDGS used to produce the HF diets. Furthermore, the HF diet had 4.1 percent age units greater total NSP content than the control diet. The results of the enzyme assay of the HF+XB diet for the xylanase and β-glucanase were 4,226 and 266 units/kg of diet, respectively, and these val ues were close to the respective values for the target enzyme activities, that is, 4,000 and 300 units/kg of diet. The control diet had 266 and <50 units/kg of xy lanase and β-glucanase, respectively, whereas the un supplemented HF diet had nondetectable xylanase and β-glucanase activities (Table 3) .
Pigs fed the control diet were heavier (P < 0.05; 40.7 kg of BW) than pigs fed the HF (37.0 kg of BW) and HF+XB (38.1 kg of BW) diets at the completion of the experiment. In addition, the controlfed pigs grew faster (P < 0.05) and had superior (P < 0.01) feed ef ficiency than pigs fed the HF and HF+XB diets ( Table  4) . Supplementing the HF diet with XB did not improve growth rate, final BW, and feed efficiency in pigs com pared with those fed the HF diet alone. Feed intake, however, did not differ among the dietary treatments. Plasma glucose concentration was not affected by di etary treatment, but pigs fed the HF and HF+XB diets had lower (P < 0.05) PUN concentrations compared with those fed the control diet (Table 4) .
Electrophysiological Studies
The total Isc and Gt did not differ among the dietary treatments (data not shown). Similarly, the SGLT1dependent Isc and Gt were not affected by di etary treatment (data not shown).
Relative mRNA Expression
The suitability of GAPDH as a housekeeping gene was confirmed with agarose gel electrophoresis, which showed no effect across treatments groups (Fig. 1) . In the jejunum, the SGLT1 mRNA expression increased (P < 0.05) in pigs fed the HF diet compared with those fed the control and HF+XB diets, but SGLT1 expres sion did not differ between pigs fed the control and HF+XB diets. However, b o,+ expression did not dif fer among the dietary treatments (Fig. 2) . Ileal SGLT1 expression was not affected by dietary treatment, but the expression of b o,+ decreased (P < 0.05) in the il eum of pigs fed the HF diet followed by those fed the HF+XB diet compared with pigs fed the control diet (Fig. 3) . Furthermore, the MCT1 expression increased (P < 0.05) in the ileum of pigs fed the HF and HF+XB diets compared with those fed the control diet but was not different between the HF-and HF+XB-fed pigs (Fig. 4) . However, ileal SMCT expression was not af fected by dietary treatment (Fig. 4) . Additionally, ileal MUC4 and MUC20 expressions did not differ among the dietary treatments (data not shown).
DISCUSSION
The present study was conducted to elucidate the effects of XB supplementation on intestinal active glucose uptake and mRNA levels of transporters asso ciated with glucose, CAA, and SCFA absorption and mucin production in growing pigs fed a HF diet. Ara binoxylans and β-glucan together account for a high proportion of the NSP fraction in DDGS (Pedersen et al., 2014) . Therefore, it was expected that substituting 1 HF = high fiber; NSP = nonstarch polysaccharides. The third diet (HF+XB) was the same as the HF diet except that this diet was supple mented with a xylanase and β-glucanase blend at 500 g/metric tonne of diet. Enzyme assay of experimental diets (units/kilogram of diet): Control contains xylanase (337) and β-glucanase (<50) and HF+XB contains xyla nase (4,226) and β-glucanase (266).
2 The DDGS data have been reported previously (Agyekum et al., 2014) . 
Reverse
TGTGCTGCCT GTGGTAGAAG 1 GAPDH = glyceraldehyde 3phosphate dehydrogenase; SGLT1 = sodium-dependent glucose transporter 1; bo,+AT = sodium-independent cationic amino acid transporter; MCT1 =monocarboxylate transporter 1; SMCT = sodiumcoupled moncarboxylate transporter; MUC4 = mucin gene 4; MUC20 = mucin gene 20. some of the corn and SBM in the control diet with DDGS in this study would increase these NSP in the HF diets for XB to hydrolyze to increase nutrient sup ply to the pigs. Therefore, 2 effects were studied: the effects of HF diets and the effects of XB supplementa tion toward an HF diet.
The starch content decreased and the fiber con tent increased when DDGS was included in the basal control diet because including fibrous feedstuffs in diets tend to change the carbohydrate composition from a high-starch diet to a lower starch and less fi brous (NSP) diet. The growth rate and BW of pigs fed the HF diet decreased in the present study, which concurs with previous results in pigs (Anugwa et al., 1989; Pond et al., 1989; Jørgensen et al., 1996) . Feed intake, however, was not negatively affected when pigs were fed the HF diet in the present study, which is consistent with our previous studies (Agyekum et al., 2012 (Agyekum et al., , 2014 using such HF diets. However, like growth rate, feed efficiency decreased when pigs were fed the HF diet, indicating an increase in energy re quirement for maintenance purposes at the expense of body growth in pigs offered the HF diet (Nyachoti et al., 2000; Montagne et al., 2004) . It is also possible that the nutrients in the control diet were more digest ible and thus might have resulted in the superior feed efficiency of the control-fed pigs relative to the HFfed pigs. In addition, differences in the percentage of energy coming from fat, starch, sugars, and fiber in the diets may have resulted in difference in metabolic efficiency of the diets.
In the present study, supplementing the HF diet with XB did not ameliorate the negative effects of the HF diet on performance. This observation concurs with the results of other studies (Kiarie et al., 2007; Olukosi et al., 2007; Woyengo et al., 2008; Jacela et al., 2009; Jones et al., 2010 ) that also reported a lack of EC effect on pig performance. In contrast, 1 Values are means with SEM; n = 8.
2 Control = corn-soybean meal basal diet; HF = control plus 30% distill ers dried grains with solubles; HF+XB = same as HF diet except that this diet was supplemented with a xylanase and β-glucanase blend at 500 g/ metric tonne of diet. Figure 1 . A 1% agarose gel electrophoresis depicting a stable expres sion of the housekeeping gene (GAPDH) across the treatments as shown by the band intensity for each group. An equal amount of cDNA from each treatment group was used for semiquantitative reverse transcription PCR (RTPCR) using GAPDH primer and PCR master mix (Promega, Madison, WI). The PCR product was loaded into 1% agarose gel for electropho resis and images of PCR product (band strength) were taken using UV fluorescence (FluorChem; Alpha Innotech, Fisher Scientific, Mississauga, ON, Canada). Nuclease free water was used as nontemplate control (NTC) using the same master mix showing no product amplification. HF = high fiber. some studies (Omogbenigun et al., 2004; Emiola et al., 2009 ) observed improvement in pig growth per formance due to EC supplementation. In the present study, the closeness of the values for the target en zyme activities and the enzyme assay of the HF+XB diet and for the dietary fiber content of the HF diet rule out enzyme concentrations and substrate availability as possible reasons for the lack of XB effect on pig performance. However, it is not clear whether the XB actually improved nutrient digestibility, because this was not determined in the current study. Nonetheless, an improvement in nutrient digestibility due to EC does not always translate to an improvement in pig performance (Barrera et al., 2004) .
Ingestion of the HF diet alone or in combination with XB reduced PUN in the present study. The PUN can be used to predict the state of protein metabolism and balance of AA in pigs (Coma et al., 1995; Klindt et al., 2006) . If AA are consumed in excess of the amount required for protein accretion or in unbalanced propor tions, AA that cannot be used in protein synthesis un dergo transamination and deamination and are subse quently excreted as urea. On the other hand, dietary fi ber ingestion causes bacterial proliferation in the hind gut, and the growth of these bacteria depends on the supply of nitrogen, primarily from blood urea (Levrat et al., 1993) . This implies that dietary fiber ingestion can alter the urea cycle and redirect urea from the blood into the cecum and proximal colon for bacterial use, thereby reducing urea excretion. Indeed, Younes et al. (1995) demonstrated, using rats, that dietary fiber ingestion reduces PUN concentration and renal nitro gen excretion by increasing urea disposal in the large intestine. In the study by Younes et al. (1995) , addition of fiber to the control diet decreased PUN concentra tion and renal nitrogen excretion by 20 to 30% and we observed a 30%-units decrease in PUN value in the HFfed pigs relative to the control. Therefore, it could be argued that the decreased PUN concentration in the HFfed pigs in this study may be due to the ability of dietary fiber to reduce PUN concentration as indicated above. Furthermore, it is assumed that the higher PUN concentration observed in the pigs fed the control in this study may not be due to excess AA ingestion or dietary AA imbalance, because the diets were formu lated to contain similar calculated SID AA above the NRC (1998) requirement for growing pigs. The PUN values observed in this study were also within the range (2.42-4.51 mmol/L) for 20-to 45-kg pigs fed diets containing adequate SID AA reported by others (Waguespack et al., 2012; Htoo et al., 2014) . In addi tion, the controlfed pigs also grew faster than those fed the HF diet. In this context, the reason for the simi lar PUN concentrations in the pigs fed the HF and XBsupplemented diets observed in the current study may be that the amounts of NSP leaving the terminal ileum of the pigs fed those diets were sufficient enough to trigger the dietary fiber effect on PUN concentration. The PUN can also be influenced by the postingestive digestion dynamics and release of AA in the blood as well as intestinal formation in the distal part of the gas trointestinal tract. Plasma glucose concentration, how ever, was not affected by dietary treatment in this study. It may be that glucose homeostasis was controlled by insulin and glucagon in the systemic circulation as ob served in normal healthy human subjects in the non fasting state (Saltiel and Kahn, 2001 ). Therefore, it is possible that glucose absorption in the pigs used in this study was modulated to an appropriate level for the needs of metabolism rather than the pigs maintaining higher blood glucose levels, which concurs with previ ous results in broilers (Gao et al., 2008) .
Sodium is the major generator of Isc across the epithelium (Ussing and Zerahn, 1951) . The Na/K adenosine triphosphatase located on the basolateral membrane of the enterocytes actively pumps Na from the enterocytes into interstitial fluids, thereby creating an electrochemical gradient that serve as the driving force for the movement of Na from the lumen into the enterocytes. This movement of Na from the intestinal lumen into the enterocytes and then into the intersti tial fluids creates Isc. Because Na is cotransported with other nutrients such as glucose, an increase in glucose absorption leads to changes in Isc (Wright and Loo, 2000) . Therefore, dietary factors, such as fiber, that in fluence glucose absorption is expected to alter changes in Isc. However, in the present study, HF ingestion had no effect on intestinal glucose transport (i.e., to tal Isc and Gt) using pig jejunal tissues mounted in Ussing chambers. This finding contradicts the results of Schwartz et al. (1982) , who observed a decrease in glucose transport into rat jejunal tissues mounted in Ussing chambers due to cellulose or pectin ingestion. Awad et al. (2008) also observed a decrease glucose transport in the jejunum of healthy broiler chickens fed inulincontaining diets. The discrepancy between the present study and the abovementioned studies may be due to differences in the form and amount of the fibrous ingredient added to the diets, species, and ex perimental conditions. The SGTL1 involvement in jejunal glucose uptake of pigs in the study was also studied using phloretin, a potent SGTL1 inhibitor. There were no changes in the SGLT1sensitive Isc and Gt in the jejunum of pigs, al though the SGLT1 mRNA expression increased in the jejunum of the HFfed pigs compared with those fed the control or HF+XB diets. Apart from luminal glucose, expression of the SGLT1 mRNA is modulated by sev eral luminal factors such as the gut peptide hormones (e.g., gastrin, glucagon-like peptide 2, and peptide YY; Ferraris and Diamond, 1989; Bird et al., 1996) . Be cause dietary fiber can increase the production of some of these gut peptide hormones (Sánchez et al., 2012) , it can be surmised that the increase in SGLT1 mRNA expression in the jejunum of the HFfed pigs may be due to the greater dietary fiber content in the HF diet. It is also possible the increased jejunal SGLT1 mRNA expression was an adaptive mechanism to increase ab sorptive capacity in the pigs fed the HF diet as observed in haysupplemented calves compared with calves sup plemented with concentrate or corn silage (Klinger et al., 2013) . It also appears the decreased SGLT1 mRNA expression in the jejunum of the HF+XB-fed pigs com pared with the HFfed pigs may be due to a partial hy drolysis of the dietary fiber, thereby decreasing dietary fiber effect on SGLT1 mRNA expression.
The CAA are the most critical in pigs because ly sine, a CAA, is the first limiting AA in typical diets fed to pigs (NRC, 1998) . The high affinity sodiumindependent transport system, b o,+ AT, expression in the jejunum and ileum of pigs was determined in this study because it is involved in the transport of CAA, including lysine, into the enterocytes (Bröer, 2008) . Dietary treatment had no effect on the mRNA expres sion of b o,+ in the jejunum. However, b o,+ mRNA ex pression decreased in the ileum of the pigs fed the HF and HF+XB diets compared with the control-fed pigs. Recent studies (GarcíaVillalobos et al., 2012; He et al., 2013) suggest that feeding pigs diets with high protein or AA contents may increase the transport ca pacity of some AA in the small intestine via increased mRNA expression. As previously indicated, the diets used in this study were formulated to contain similar SID lysine and other AA based on the ideal protein ra tio, and dietary treatments had no effect on feed intake. Therefore, the greater b o,+ mRNA expression in the il eum of controlfed pigs could not be due to decreased dietary CAA intake. However, we suspect greater CAA digestibility to be a reason for the increase b o,+ mRNA expression in the ileum of the controlfed pigs compared with the HFfed pigs. In this context, the greater b o,+ mRNA expression in the ileum of XBfed pigs compared with HFfed pigs could also be attrib uted to improved CAA digestibility due to XB supple mentation.
The greater MCT1 mRNA expression in the ileum of pigs fed the HF and HF+XB diets relative to the control observed in this study concurs with the results of Kirat et al. (2009) , who observed an increase in the abundance of MCT1 protein in the gastrointestinal tract of rats fed a pectin-containing diet. Dietary fiber is fermented in the hindgut to produce SCFA, which are absorbed in the lower gut. In the gut, MCT1, the most widely distributed monocarboxylate transporter, has been found in both the small intestine and colon of pigs to transport SCFA (Sepponen et al., 2007; Metzler Zebeli et al., 2012) , and its expression depends on sub strate availability. Therefore, the greater MCT1 mRNA expression in the ileum of the HF-and HF+XB-fed pigs suggests increased fiber fermentation.
Mucin can represent up to 11% of total endogenous N losses at the ileum of pigs (Lien et al., 1997) . Dietary factors such as fiber and protein have been reported to influence the synthesis and secretion of mucin from the goblet cells and its recovery in digesta (Montagne et al., 2004) . Indeed, recent studies in rats and pigs (Gardiner et al., 2008; Han et al., 2008; Montoya et al., 2010; Smith et al., 2011) suggest that dietary fiber and protein may enhance ileal endogenous N losses and/or increase mucin gene mRNA expressions along the intestines. In the present study, the mRNA expres sion of 2 membranebound mucin genes, MUC4 and MUC20, in pig ileum were considered indirect indica tors of endogenous N (AA) loss due to HF ingestion. However, dietary treatment did not affect the mucin mRNA expressions, and the reason for this is not clear.
In conclusion, pigs fed the control diet had superi or growth rate and feed efficiency than the pigs fed the HF and HF+XB diets. The mRNA expression of the CAA transporter b o,+ was greater in the ileum of pigs offered the control diet relative to pigs offered either the HF or the HF+XB diet. The XB supplementation influenced nutrient transporter gene expression, but performance did not improve relative to the HFfed pigs. The activities of nutrient transporters, however, have an influence on nutrient flux into the systemic environment and nutrient uptake by the peripheral tis sues of economic importance (e.g., muscles) as well as wholebody energy utilization. Therefore, further studies are warranted to elucidate the effect of enzyme supplementation on nutrient absorption kinetics and the biological processes associated with energy me tabolism in pigs when fed HF diets.
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